Abstract Treatment for idiopathic adhesive capsulitis or frozen shoulder of the shoulder is controversial.
Introduction
The treatment for idiopathic adhesive capsulitis or frozen shoulder of the shoulder remains controversial. Certain investigators have recommended Bbenign neglect,^based on the fact that the natural history of this condition has been purported to be self-resolving [22, 28] . Others have demonstrated that patients may not fully recover from the symptoms and disability of adhesive capsulitis, even with long-term follow-up [35] . Other treatment options documented in the literature include supervised physical rehabilitation [4, 6, 21, 30] , nonsteroidal anti-inflammatory medications [16, 29] , oral corticosteroid [3] , intra-articular corticosteroid injection [6, 8, 9, 36] , distension arthrog-raphy [18] , closed manipulation [2, 12, 15, 20, 26] , open surgical release, and arthroscopic capsular release [26, 27, 31, 34] . While surgery has been demonstrated to shorten the natural history of this condition [26] , the complications associated with surgery and anesthesia are important considerations.
The rationale for glenohumeral joint corticosteroid injection is to attempt to reduce synovial inflammation to decrease capsular fibrosis and allow improvement of motion with a decreased time to functional recovery. We hypothesized that the use of intra-articular corticosteroid for stage 1 and 2 idiopathic adhesive capsulitis will lead to resolution of stiffness and symptoms.
Methods
All patients presenting to a single orthopedic surgeon (JAH) with stage 1 and stage 2 idiopathic adhesive capsulitis were identified over a 6-year period. Patients were identified by ICD-9 code 726.0 from the office records. The treating physician coded all cases that were believed to be idiopathic adhesive capsulitis 726.0 during the study period. The diagnosis of adhesive capsulitis was made based on history and clinical exam and confirmed by a non-image guided intra-articular injection (see below). This diagnosis was made when there was pain with loss of motion compared to the contralateral shoulder (including loss of ER in all cases) and only when other causes of pain and motion loss were eliminated [23] [24] [25] 32] Rotator cuff tendinopathy was eliminated based on physical findings, including normal strength and lack of impingement signs. Glenohumeral osteoarthritis and neoplasm were excluded by radiographs. Pain related to the acromioclavicular joint or biceps was ruled out based on lack of tenderness with palpation of these structures. MRI was not obtained routinely as adhesive capsulitis is a clinical diagnosis and we did not feel that the use of MRI was indicated on clinical grounds. Institutional review board approval was granted and informed consent was obtained for all patients.
This injection of corticosteroid and local anesthesia was used both to confirm the diagosis and stage and for therapeutic treatment. The patients were instructed in simple pendulum exercises and reexamined 15 min following the injection to evaluate pain, determine passive glenohumeral range of motion (ROM), and define the stage of adhesive capsulitis. If the patient had significant improvement in pain and normalization of motion within 30 min after the injection, this confirmed the diagnosis of stage 1 adhesive capsulitis. If the patient had a significant improvement in pain with partial improvement in ROM, a diagnosis of stage 2 adhesive capsulitis was made. Antiinflamatory medication was recommended and patients were referred for out-patient physical therapy.
The physical examination included both an evaluation of the cervical spine and the shoulder. All patients had pain on palpation of the anterior and posterior capsule and pain that was exacerbated by ROM of the arm. Range of motion measurements, including active and passive forward flexion, abduction, internal rotation (measured by having the patient place the thumb to the highest possible spinous process), and external rotation in neutral abduction, were measured and recorded with the patient standing. On physical examination, all patients had a restriction of motion, including a lack of external rotation compared to the contralateral side in each case.
All patients had routine radiographic evaluation including anteroposterior views in internal and external rotation, axillary and outlet views to rule out glenohumeral arthritis, calcific tendinitis, a superiorly migrated humeral head, or other processes. Radiographs were negative in the patients described herein with the exception of evidence of disuse osteopenia. Patients with radiographic abnormalities or a history of preexisting shoulder pathology were excluded.
All patients presenting with a preliminary clinical diagnosis of stage 1 or stage 2 adhesive capsulitis based on the criteria described above were treated with an intra-articular injection of local anesthetic and corticosteroid. The glenohumeral joint was injected via a posterior approach using traditional posterior arthroscopic portal landmarks utilizing a 20-gauge spinal needle. The skin was lightly anesthetized using ethyl chloride spray and the needle was advanced until the capsule was penetrated. The solution injected contained 5 cm 3 of 1% lidocaine, 3 cm 3 of 0.25% marcaine, and 80 mg depomedrol (2 cm 3 ). All patients received only one injection. Fluoroscopy was not used as the physician had extensive experience in shoulder surgery and arthroscopy.
Seven patients with stage 1 and 53 with stage 2 comprised our cohort at baseline. The mean age was 52 years (range: 30 to 78). Forty-six patients were female and 14 male. Nine patients had diabetes mellitus. Patients completed a shoulder rating questionnaire to measure symptoms and disability at final follow-up [19] . Detailed ROM assessments were performed preinjection, postinjection, and at all subsequent visits by the treating surgeon (JAH). Range of motion was measured by the physician without the use of a goniometer. This information was accessed by chart review.
In addition to the chart review, patients were contacted for final ROM assessments by a single independent examiner (RWM). The exact time to recovery of motion is difficult to determine because patient follow-up visits are usually at least 6 weeks apart and motion may be limited in one plane but not another. Therefore, it was determined a priori that patients who had regained motion to within 15-of the contralateral side in both forward flexion and external rotation as well as internal rotation to within three spinal levels of the contralateral side were considered recovered. It was felt that this amount of motion limitation was acceptable following treatment for this condition and that it would not cause functional limitations for the patients.
Results
Forty-four of the 60 patients studied met the criteria for recovery at a mean of 6.7 months. The mode and median time to recovery was 3 months. The mean score at final follow-up for 41 patients using a validated shoulder scale (shoulder rating questionnaire of L_Insalata et al. [19] ) was 90 (range: 52 to 100). Nineteen patients did not complete the follow-up questionnaire because of unavailability. One patient who was stage 1 and six patients who were stage 2 were lost to follow up and had not resolved at 2 weeks and a mean of 2.6 months following the injection, respectively. This is a total of seven patients who were lost early to follow up prior to resolution, for a total follow up rate of 88% (53/60).
The mean time to recovery for stage 1 patients was 6 weeks (range: 2 weeks to 3 months) and 7 months for stage 2 patients (range: 2 weeks to 2 years). The mean time to recovery for the stage 2 group was affected by four patients who were not documented to have met the criteria for recovery until the 2-year mark (see Figs. 1 and 2 ). Fifteen patients met the criteria at 2 months or less.
Sixteen patients did not meet the criteria for recovery, and of those, seven underwent surgery for continuing pain and stiffness. The surgery was performed at a mean of 5.2 months postinjection (range: 1 to 10 months). These patients are discussed in greater detail below.
The duration of symptoms prior to injection and the time to recovery were found to be related, although this association was not statistically significant (Pearson r=0.19; p=0.23). In the group of patients successfully treated with intra-articular injection, the stage 1 patients recovered more rapidly than the stage 2 patients (mean of 38 days for stage 1 and 222 days for stage 2, p=0.006; Mann-Whitney U test).
Two stage 1 patients were not followed to recovery. One lacked 20-of external rotation at 2 weeks postinjection prior to being lost to follow-up. The other lacked 30-of external rotation at 2 months, which persisted at the 3-year follow-up exam. Six stage 2 patients did not return for physical examination to determine whether they had recovered. These patients_ final physical examination prior to being lost to follow-up was at a mean of 2.6 months (range 0-4.5 months). One stage 2 patient was considered to have not recovered at 6 months following the injection due to the termination of the study period. Nine patients in this cohort had diabetes mellitus. All were stage 2 at presentation. Five recovered following the injection at a mean of 9 months (range: 1.5 months to 2 years). Four went on to have surgery at a mean of 5.8 months postinjection (range: 1 to 10 months). Three of the patients who underwent surgery had significant remaining motion loss at final follow-up (although two had relatively high scores on the shoulder rating scale, 83 and 94, respectively). The fourth was lost to follow-up.
Three nondiabetic patients underwent arthroscopic capsular release at a mean of 3.2 months postinjection (range 1.5 to 5 months). One patient recovered forward flexion and external rotation to within the parameters of recovery specified by the study, although they lacked eight spinal levels of internal rotation. The second had significant ongoing motion loss at 5 years postoperatively; however, their shoulder rating score was 97. The third recovered full ROM.
Discussion
Neviaser and Neviaser initially described a staging system for adhesive capsulitis [25] . Their four stages ranged from synovial inflammation with limited motion to adhesive synovitis, to more mature adhesions with less synovitis, and finally to mature adhesions with limited motion. Subsequently, Hannafin et al. correlated clinical, arthroscopic, and histological findings to further refine the definition of the first three stages previously described [13] . In stage 1, the patient presents with pain and limited motion. In this first stage, full ROM is obtained on examination under anesthesia. Pathologic analysis reveals an inflammatory synovitis with normal underlying capsule. The second stage involved pain with limited ROM, which is not restored on exam under anesthesia. The pathology revealed synovial hyperplasia and capsular fibroplasia and fibrosis. The third stage is characterized by mild pain with marked loss of motion, minimal synovitis, and capsular fibroplasia with dense capsular scar formation. The fourth stage, or Bthawing phase,^is unchanged from the description of Nevaiser.
To formulate a logical and scientific approach to the treatment of patients with adhesive capsulitis, it is necessary to understand the pathophysiology of this disease. A review of the literature reveals a multitude of strategies for treatment of patients with adhesive capsulitis, with extremely variable results. The lack of consistency in the published literature reflects a lack of understanding of the stages of adhesive capsulitis, which play a significant role both in diagnosis and in formulation of a treatment plan.
Conventional orthopedic wisdom is that nonoperative treatment of this condition will lead to recovery if the patients are followed over a long enough period of time. However, one long-term follow-up study demonstrated that at a minimum 3-year follow-up, 50% of patients reported pain or stiffness or both [35] . The mean time to recovery in this study was 12 months.
Other investigators studied the value of a home program for adhesive capsulitis and assessed improvement in shoulder function. They followed patients for a mean of 25 months, with a minimum of 6 months [28] . The investigators found that a statistically significant improvement in a shoulder rating scale (the simple shoulder test), as well as the physical function, role physical and bodily pain subscales of the SF-36. They concluded that the home program leads to improved self-assessed shoulder function. However, only 56% were able to place an 8-lb weight on a shelf, and only 66% were able to carry 20 lb at their side.
Others have studied the effects of arthroscopic debridement and release for this condition. While arthroscopic surgery has been shown to improve symptoms in these patients, the risks of complication and the recovery period associated with surgery make this treatment less desirable [26, 31, 38, 39] .
These data and others present in the literature support the hypothesis that adhesive capsulitis is both an inflammatory and a fibrotic condition [7, 8, 11, 21, 33] . The hypervascular synovitis present in the early stages results in subsequent fibrosis of the subsynovium and capsule. Cytokines have been implicated in the inflammation and fibrosis described in adhesive capsulitis. Cytokines are also involved in the initiation and termination of repair processes in multiple musculoskeletal tissues, and their sustained production has been shown to result in tissue fibrosis [1, 5] . Rodeo et al. [33] reported an increase in transforming growth factor-b, platelet-derived growth factor, and hepatocyte growth factor staining in capsular biopsy specimens of patients with primary and secondary adhesive capsulitis and proposed that these cytokines are involved in the inflammatory and fibrotic cascades seen in adhesive capsulitis. A potential role of matrix metalloproteases, enzymes involved in extracellular matrix remodeling, in adhesive capsulitis has recently been described. In a series of 12 patients with inoperable gastric cancer treated with a synthetic matrix metalloproteinase inhibitor, six developed a frozen shoulder or a Dupuytren_s-like condition [17] .
We hypothesized in this study that early treatment with intra-articular corticosteroid provides a chemical ablation of the synovitis, thus limiting the subsequent development of fibrosis and shortening the natural history of the disease. The self-limiting nature of adhesive capsulitis also supports the role of the synovium in initiation and regulation of the fibrotic process in the capsule. With resolution of the synovitis and termination of capsular scar formation, capsular remodeling and recovery of ROM occurs. This hypothesis is supported by the orthopedic and rheumatalogic literature [7, 33] .
Van der Windt et al. compared glenohumeral injection of corticosteroid to 6 weeks of physical therapy for patients with Bpainful stiff shoulders.^It is unclear how many of these patients truly had adhesive capsulitis. They found significant improvements in pain, disability, and motion in the injection group at 3 and 7 weeks [37] . Response to intra-articular steroid was not related to stage of disease. However, at 26 and 52 weeks there was minimal or no difference between the two groups.
Gam et al. treated patients with adhesive capsulitis with either steroid injection or steroid injection and distension with 19 cm 3 of Lidocane. They found that the distension with steroid group (12 patients) used fewer analgesics and had improved motion compared to the steroid-only group (eight patients). However, the visual analog pain scores for the groups were similar [10] . Again, the duration of symptoms and stage of adhesive capsulitis was not correlated with response to treatment. Bulgen et al. [6] randomized patients to treatment with steroid, physical therapy, ice, or benign neglect. The initial positive response to treatment was most marked in patients treated with steroid; however, no significant difference in final long-term outcome was reported when treatment groups were compared.
Hazleman [14] summarized numerous studies on the use of intra-articular corticosteroid and reported that success of treatment is dependent on the duration of symptoms. Patients treated within 1 month of onset of symptoms recovered in an average of 1.5 months. Patients treated within 2 to 5 months of onset of symptoms recovered in 8.1 months; patients treated 6 to 12 months after onset of symptoms required an average of 14 months for full recovery.
In this retrospective cohort study of glenohumeral corticosteroid injection for early adhesive capsulitis, we found that patients_ motion loss recovered at a median time of 3 months. In many cases, the patients had improved prior to the 3-month mark; however, that was the routine time point for follow-up. Patients with stage 1 disease tended to resolve more rapidly than the stage 2 patients, although the sample size was small (only seven patients with stage 1 were studied). Previous basic science work indicated that, early in the course of adhesive capsulitis, synovitis is present without capsular fibrosis [13] . In this setting, early chemical ablation of the synovitis would result in decreased scar formation in the capsule and potentially improved ROM.
The duration of symptoms prior to injection was related to the time to recovery, although this relationship was not statistically significant. This association would also be supported by the basic science research, as a prolonged symptomatic time period would allow for greater capsular fibrosis, which would then lead to a longer time to recovery. Patients with diabetes mellitus responded less well to corticosteroid injection, as the time to recovery was longer in five patients (mean 9 months; range 1.5 months to 2 years) and four others required arthroscopic release. Three of the four were left with significant motion loss and the fourth was lost to follow-up. Of three nondiabetic patients to undergo arthroscopic capsular release, only one regained full motion.
There are several weaknesses in this study. There was no control group, as the senior author did not feel it was ethically acceptable to not offer corticosteroid injection to patients with stage 1 or stage 2 adhesive capsulitis. While we believe that the stage of a given patient is relatively clear, it is possible that the interobserver reliability among surgeons for staging adhesive capsulitis might be low. To minimize this, it is essential to measure ROM prior to, and following, glenohumeral injection. It is possible some patients may have been excluded due to lack of response to injection, either because the injection was extra-articular or because it was intra-articular but the patient did not experience an improvement in their pain. This limits the generalizability of the study. Evaluation of ROM 15 min following injection allows the physician to assess motion loss secondary to capsular fibrosis, in contrast to motion loss preinjection, which can be caused by both pain and fibrosis.
It is difficult to define recovery for this condition. We elected to use recovery of ROM as our outcome. Range of motion is a continuous variable, with multiple follow-up measures in several planes of motion. For ease of interpretability, we converted recovery of range of motion to a binary variable (i.e., recovery or no recovery). While the recovery criteria were defined a priori based on what was felt to constitute a clinically relevant end-point, there is no standard available to determine recovery. During the study period, we attempted to evaluate ROM at 6-week intervals; however, not all patients returned for follow-up at these intervals and many had recovered at some point between evaluations. Therefore, some of the documented time intervals to recovery were longer than the true time to recovery because patients were only examined at specific time points. Additionally, patients did not present for follow-up at each time point, which also tended to increase the reported vs actual duration of time to recovery.
Another limitation of this research is that it is impossible to know with certainty that all injections were indeed intra-articular. It is common and routine practice for experienced shoulder surgeons at our institution to inject the glenohumeral joint without radiographic assistance. Therefore, the results are generalizeable to this type of practice. Lastly, surgery was defined as an end-point for certain patients in this study. The decision to have surgery is of course subjective; however, this is always the case, to varying degrees, with elective surgery.
In summary, corticosteroid injection in the early stages of adhesive capsulitis allows the patient to regain motion prior to developing severe fibrosis in many cases. Patients who were treated in stage 1 recovered more rapidly than those in stage 2. However, few patients were seen in stage 1 due to delays related to referral patterns. Prompt recognition of stage 1 and stage 2 idiopathic adhesive capsulitis and early injection of corticosteroid and local anesthesia are both diagnostic and therapeutic.
